II. INTRODUCTION TO THE ACTIVITY
Before doing the experiment, students read a two-page handout 1 summarizing the approach, particularly how equipment will be requested, that conferences will be held, and that collaborations will be allowed to evolve. At the beginning of the laboratory period, the instructor reviews these points and distributes one tube ͑see Fig. 1͒ to each group of two or three students. The tube is placed horizontally on a hard surface and then projected forward by pressing down and back at one of its ends ͑see Fig. 2͒ , "squirting" it out so that it is both spinning and rotating. 2, 3 After a successful launch, most students observe that even though there are two ͑different͒ symbols on opposite ends of the same side of the tube, only one symbol is visible during the motion ͑see Fig.  3͒ . After some careful observations, it is noticed that the visible symbol is the one at the end of the tube that was pressed with the finger to launch it. Some students will notice that there are four visible copies of the symbol, and some notice that this number is the ratio of the tube's length and diameter. Most students focus on the mystery surrounding the symbols' visibility and invisibility, and a few try to explain the overall motion and how it results from the launching.
Reference 4 describes the physics of the spinning tube in some detail, as do some websites. 5 In this paper we discuss a novel use of the phenomenon in the introductory physics laboratory for purposes beyond rotational dynamics. Its unique combination of "fun factor," obviousness, and trickiness draws students into a readily perceived phenomenon and yet does not lend itself to a quick explanation.
III. EQUIPMENT LOANS
For most physics laboratory problems a list of equipment is given. In this laboratory the only equipment provided is the cylinder, which are made of PVC plumbing pipe and are available at most hardware stores in 8 or 10 ft lengths. Tubes of 3 4 inch outer diameter work very well, but other diameters should also be obtained. Before cutting the pipe into segments, remove any printing by cleaning the pipe mechanically or chemically. 6 The tube lengths should be an integer multiple of the tube diameter. 7 A ratio of 4 works best, but ratios from 3 to 8 also function well. If the tubes are too long or too short, they are too difficult to launch or the phenomenon is too difficult to see. The pipes can be cut with a hacksaw, but because getting a nice square cut is important and a large collection is needed, a table saw and jig are helpful. Rough ends can be smoothed with sandpaper, and the X and O symbols are drawn with permanent markers.
For other equipment, we implement an equipment loan system, which simulates the grant process in scientific research. Students are given the opportunity to submit proposals for equipment that will help them investigate specific features of the phenomenon of interest. This process encourages students to think carefully about experimental design and to formulate their hypotheses. Students prepare their proposals in writing and present them orally to the laboratory instructor. Any equipment, besides the original tube, should be requested, including minor things such as markers and rulers. Although many students would like to use a highspeed camera to study the motion, it is more educational to use simple equipment. To encourage creativity, it is advisable to have this equipment in an adjoining room rather than visibly available. If this laboratory activity is done near the end of the first semester, students will have seen some equipment in use in the laboratory and in lecture demonstrations.
Variations of the granting scheme are possible. Student teams may be given tokens ͑for example, washers͒ as start-up funds to spend on items on an available equipment list during the initial investigatory phase. Following this initial phase, all equipment is obtained by verbal grant proposals. They may ask for specific equipment or be more broadly funded by indicating the general ideas they are pursuing, and decide on how to spend their funds as their research evolves. One might then not limit the use of high-priced equipment such as cameras ͑which can be "rented" if supply is limited͒. Being more costly does not necessarily mean being effective, as students often find out when spending precious tokens on a flash camera that does not reveal much of value.
Equipment typically requested by students include a strobe light to "freeze" the motion; students can verify that both the X and O remain on the same side of the tube, and also that only the end of the tube opposite the launching end actually remains in contact with the surface. By using tubes of different lengths and/or diameters, students observe that a different number of symbols is seen for longer tubes and perhaps begin to notice the importance of a certain ratio of length to diameter if they measure the length and diameter with a ruler. By using a transparent tube, students will notice that both symbols are visible. This use, together with spinning the tube on a Plexiglas sheet, which shows that viewing from below allows the opposite symbol to appear, might lead them to determine an important symmetry of the situation. Markers of different colors can be used to explore the effect of placement of the symbol on the tube. A protractor might be used to measure the angle between the tube and the table ͑although this measurement will be useful only in an advanced analysis of the tube's highest-speed motion͒. Rubber bands wrapped around one or both ends might help explore whether the friction is static or kinetic. Inserting some putty will change the location of the center of mass.
IV. STUDENT COOPERATION
Student cooperation is important in most physics laboratories, but in this research simulation, it is a crucial feature. This feature highlights the fact that science is a cultural activity, with its intrinsically human interaction, creativity, and judgment. Students are asked to start working in pairs ͑or their normal laboratory groupings͒, and the laboratory instructor should facilitate the first "research conference" after about 45 minutes. At this time, there will be a wide variety among the students in terms of progress and approach. During the conference, students share with the whole class what they have learned so far, their methods, and the kinds of questions they still have. In this way students have an excellent opportunity to learn from each other, to challenge and complement one another's ideas and results, to be stimulated into different lines of inquiry, and to verify the results of others.
In the conferences, the laboratory instructor can move beyond simply facilitating and commenting on the process of science to suggesting issues that students didn't think of, perhaps playing the role of the skeptic who asks probing questions at scientific meetings. For example, in rooms with fluorescent lights one might raise concerns about stroboscopic effects. This effect can be left up to students to probe if they wish and can generate discussion on whether this effect is relevant and prompt ideas for experiments such as using incandescent lights and strobe lights. The first conference is also a good time to ask if the apparent position of the symbols appears fixed in orientation. This question sometimes leads perceptive students to think of changing the length/diameter ratio.
After the first conference, students should be encouraged to evolve their collaborations in whatever ways seem natural and beneficial. There will be migration of students between research groups, some mergers, as well as friendly competition. We have found that after two or three conferences, held 30-45 minutes apart, a significant interplay of ideas results; often large groups form, perhaps consisting of the entire class, with two or three leaders emerging.
V. PHYSICAL PRINCIPLES INVOLVED
It is advisable for the laboratory instructor not to provide any verification or rejection of the students' hypotheses or theories during or even at the end of the period. In research there is no consultant available to give advice or adjudication, and science never reaches full explanatory closure. The scientific community ͑the class͒ is the arbiter of scientific truth using empirical and other means to judge theories. This approach provides a realistic research experience for the students. With this in mind, students' questions can be addressed in a later class period, which might help advance their understanding of the phenomenon. If this laboratory activity is later repeated with different groups of students, care should be taken to not allow a future set of students to take advantage of a previous group's findings or of the instructor's explanation. This point is worthwhile making to the students, along the lines of them not sharing "inside information." Therefore, this article should not be mentioned or provided to students.
The main physical principles involved in the phenomenon of the spinning tube are those with which students will be somewhat familiar near the end of the mechanics portion of the introductory physics sequence, in either calculus-or algebra-based physics. However, a full explanation is not a requirement for success; even without fully understanding the physics involved, students develop descriptive models and can appreciate much about the process of science.
The motion of the tube immediately after launching involves kinetic friction, which limits the tube from continuing to move away from its launch point. Static friction quickly replaces kinetic friction as one end of the tube begins to roll on the surface, tracing out a circle whose diameter is initially a little smaller than the length of the tube. As the tube settles down onto the table due to air resistance and rolling friction, this circle's diameter approaches the cylinder's length. The velocity of any point on the tube is found from the addition of velocities: the velocity due to the cylinder's spin about its axis plus the velocity due to its rotation about a vertical axis running through the center of the circle it traces out. Due to the rolling motion, the velocity of the part of the tube in contact with the table is zero, as is the velocity of the highest point ͑the opposite side of the tube at the opposite end͒, which, by symmetry, rolls on an imaginary circle parallel to the table. At these two points, the velocities due to spin and rotation sum to zero. The symbol is visible, both to the human eye and a camera with open aperture, whenever its velocity is near zero, 8 at which time the opposite symbol is whizzing past as the spin and rotation velocities are equal both in magnitude and direction. The number of times the symbol is seen in one revolution approaches the ratio of the circle's diameter to the tube's diameter ͑equal to the ratio of the tube's length to its diameter͒ as it settles down.
The visibility and invisibility of the opposite symbols involves the speed of neural processing and persistence of vision. Students often have a general notion that their visual system is being tricked. Eventually some understand how the geometry of this rolling system forces the visible symbol to be roughly stationary during the brief instant that it comes repetitively into view.
Some students might also find that the angle above the table by which the tube is tipped as it rolls on one edge is consistent with the required precession of the total angular momentum vector produced by the torque about the center of mass due to the normal force, and may consider the inertia tensor in the body-fixed and laboratory reference frames. Because this full range of topics is typically not covered in the introductory sequence, and because these quantities change over time due to friction, these topics are not as amenable to analysis in the context of this laboratory. It can be revisited in more advanced mechanics courses or be made into an advanced class project for extra credit. Such an analysis has been done using air jets in an enclosure, where the motion has been sustained for detailed quantitative analysis.
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VI. WHAT STUDENTS LEARN ABOUT SCIENCE
During the course of the laboratory, students are given the opportunity to experience many aspects of the nature of science. They find discovery exciting, and neither linear nor automatic. Trying to explain a phenomenon is both challenging and rewarding. By working in groups and collaborations, they see that different people notice different aspects of the phenomenon being studied. They see how collaborations develop over time. The articulation of ideas while explaining them to others advances the idea itself. Students experience the interplay of theory and experiment, and the value of scientific equipment. It is seen that investigations of the real world are often multidisciplinary as we find here that a full explanation involves both physics and physiology. They feel the urge to duplicate or challenge others' results, and the way that physical reality acts as a corrective to wrong ideas. They experience the way research groups engage in friendly competition for first and best explanations. Some of the complications of how the scientific community judges theories are unveiled. They see that apart from the scientific community and physical reality, there is no authority to appeal to for final explanations or judgments. Another lesson is that even in a simple system, there can be many intriguing questions to explore with ingenuity and persistence.
It is helpful to discuss a number of these points at the end of the experience, summarizing what was learned about the phenomenon and the process of science.
This laboratory activity does not encompass all aspects of the scientific research experience. There is no prior literature review of work done on the subject by others. Neither is the subject matter cutting-edge, representing truly novel studies done using the most advanced equipment. The conferences and collaborations here are informal and do not require proper publications. And there is a short time limit. Nevertheless, this three-hour laboratory provides an introduction to key features of an authentic research experience for students in an introductory physics course. Applying for and receiving grants, along with the conference experience of presenting, critiquing, and learning from others' work are rarely encountered in introductory laboratory exercises.
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